Appendix 46

BROOKHAVEN NATIONAL LABORATORY

MEMORANDUM
Date: January 11, 1999
To: M. Harrison
From: A.G. Prodeﬂ, Chairman-Cryogenic Safety Committee M
Subject: Analysis of the Oxygen Deficiency Hazard (ODH) in the RHIC Accelerator Tunnel

with the Helium System at 50K.

The Cryogenic Safety Committee (CSC) has reviewed calculations made by S. Kane of RHIC
ODHs in the six RHIC sextants under conditions where both the ODH detection and tunnel
ventiiation systems are non-operational. The analyses indicated that, with the helium system in the
RHIC tunnel at a temperature of 50K, the lowest oxygen concentration in the tunnel in the event of
a helium release would be 20.4% by volume and the RHIC ODH Category O would be maintained.
This condition is in contrast to that when the helium system is at 4K and non-operation of the ODH
detection and ventilation systems would create a RHIC ODH category in the tunnel greater than zero.
The CSC therefore concurs that the RHIC ODH Category O is still applicable in the RHIC tunnel
when the collider is cooled to and/or held at a temperature of 50K with the ODH detection and
ventilation systems not operating,

AP/gc
cc: K. Brog
A. Etkin
S. Musolino
S. Ozaki
CSC Members and Secretary




BROOKHAVEN NATIONAL LABORATORY

| "MEMORANDUM
Date: December 21, 1998 SE3020

To:: ) - M. Harmrison

From: Steven F. Kane%

Subject: RHIC Accelerator Tunnel Oxygen Deﬁciency Hazard Analysis for S0K Operating

Tem|
Enclosures: (1)  RHIC 1 OClock Tunnel Oxygen Deficiency Hazard Classification for
50K Operating Temperature
(2) RHIC 3 OClock Tunnel Oxygen Deficiency Hazard Classnﬁcatlon for
50K Operating Temperature
(3) RHIC 5 OClock Tunnel Oxygen Deficiency Hazard Classification for
" 50K Operating Temperature
(4) RHIC 7 OClock Tunnel Oxygen Deﬁciency Hazard Classification for
50K Operating Temperature
(5) RHIC 9 OClock Tunnel Oxygen Deficiency Hazard Classification for
SOK Operating Temperature :
(6) RHIC 11 O¥Clock Tunnel Oxygen Deficiency Hazard Classification for -
50K Operating Temperature

At your request, ] have conducted an analysis of the Oxygen Deficiency Hazard (ODH) in the
RHIC Accelerator Tunnel when the cryogenic system is in operation. Your request was to
determine the lowest temperature the machine could operate with the tunnel fans not operational,
while maintaining a RHIC ODH Category 0. This memorandum and its attachments document

this analysis.

During cooldown, the RHIC refrigerator has, very simplistically stated, two operating
temperatures — 55K from Coldbox 3, and 4K from Coldbox 5. Current plans for cooldown will
use these refrigerator output temperatures to cooldown the RHIC rings. The RBIC SAD and the
RHIC Cryogenic System Failore Modes Effects Analysis (FMEA) both address the RHIC
Tunnel ODH at 4K operating temperature, and find that the ODH detection and ventilation
systems are necessary to maintain a RHIC ODH Category O classification. Thus, use of the 4K
output from the RHIC refrigerator for RHIC ring cooldown, without the ODH detection and
ventilation systems operational, would create a RHIC ODH Category within the RHIC tunnels
greater than 0. This does not meet your criteria. '

The Enclosed analyses are RHIC ODH calculations for each of the RHIC tunnels at a S0K
operating temperature. These calculations use the same algorithms used for the original RHIC
tunnel ODH analysis, but scale the helium release rates for the Iowcr density at S0K. The
densities used were 0.144 g/cc helium density at 4K, and 0.142x10" g/cc helinm density at 50K.

50K Tunnsl ODH
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Refrigerator Building Crane Use for Installing Oxygen Sensors

The worst cases are represented by the analyses for the RHIC 3 O°Clock and 11 O"Clock
tunnels. The enclosed analyses indicate the lowest oxygen concentration would be 20.4% by
volume, and RHIC ODH Category 0. This is well above any current standards for ODH safety,
including those for RHIC. Therefore, it is my conclusion and recommendation that the RHIC
tunne) may be safely occupied without the ODH detection and veatilation systems operational,
and with the RHIC rings cooled to a temperature no lower than 50K. '

cC:

S. Ozaki

J. Sondericker
M. larocci

S. Musolino
A. Etkin

S. Hoey

L. Bower




Endosure (1}

~_ RHIC 1 0'Clock Tunnel Oxygen Deficiency Hazard Classification
' for 50K Operating Temperature

This mathcad program calculates the ODH class when the ventilation fans are drawing from the
confined volume at a rate greater than the spill rate, and upon completion of tha spill. The

followed is described in the RHIC ODH standard. This particular file calculates the ODH

methodology
classification for.fan failure (or shut down) and a 50K operating temperature.

Area in Question=

Gas Spill Rate (R) [ft3/min]

Confined Volume (V)
Fan Vent Rate {Q)

ENTER AREA CODE

AREACODE := 100
ENTER DATA : R...V.Q,P1..

DATA

V:=310000 (CF)
Q:=1 {CFM)

Note: failure rates below obtained from the ODH
standard. {f the variety of equipment numbers less

thaen 6, enter "0" for N

..... DATA

density_4K =.144F2  density_50K :=.142.16"" B2
mL mL.

N i
" Scale_SO0K := density

density_:

_50K

4K

Equip. #1 failure rate (P1) P1:=3.10°%
Quantity of Equip. #1 (N1) Ni :=888

Equip. #2 failwe rate {P2) P2:=1-100

Quantity of Equip. #2 {N2) N2 =180

Equip. #3 failure rale (P3) Pi:=
Quantity of Equip. #3 (N3) N3 :=00

Equip. #4 failure rate (P4) P4 :=5.10"°

Quantity of Equip. #4 (N4) N4 :

Equip. #5 failure rate (PS) PS:
Quantity of Equip. 45 (NS} N5

Equip. #6 failure rate (P6) PS :=5-10'2
Quantity of Equip. #6 (N6) N6 :=

(SCFM He)
{SCFM He)
(SCFM He)
{(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
{SCFM He)
(SCFM Ha)
(SCEM He)
(SCFM He)

EYC,

Code
JNi...
DATA
R:=126000 Ri4:=0
Ri:=87000 R15:=0
R2:=48000 RI6:=
R3:=]18000 Ri7:=
R4 :=12000 Ri8 =
RS5:=7800 RI19:=
Re :=2000 R20 =
R7:=2000 R21:=
RS :=2000 RI2:=
RO ;=2000 R23 =
R10 :=20060 R24 =
R11:=2000 R25 =
R12 :=2000 R26:=0 .
R13 :=2000 R27 =0
(per hr.) Note: R - R5 above are
¥ time {tin min.) depandant spill
(ea} rates as follows:
{per hr.) R: 05t<s5
(ea.) R1:  5<ts10
{per hr.) R2:
: 1.0<t51.5
(ea.)
R3: L5<t52.0
(per hir.)
(ea.) Rd4: 20«tS2.5
{per hr)) A5  25<%390
{ea.)(FANS)
{per hr.) i =0,.l .28
{ca.} =l

12/22/98 -

Ri =R -Scale_50K Rli '=R1-Scale_50K R2 := R2-Scale 50K Rﬁi :=R6-8cale_30K R?i :=R7Scale_50K RSi =R8-Scale_50K
RSi =R3-Scale_S0K R9i =R9-Scale_50K
R14,:=R14-Scale_30K R15, :=R15 Scale_50K
Ri?i =R19-Scale_50K R20, :=R20-Scale_50K
R24i i=R24-Scale_50K sti 1=R25 Scale_50K

RI2, i=R12Scale_50K
R10, = R10-Scale_S0K
R lﬁi :=R16-Scale_50K
£ R21, =R21 Scale_SO0K
R26, :=R26-Scale_S0K

10'deck 50K ODH.med

R3, :=R3-Scale_S0K

R11, :=R11-Scale_S0K
R17,:=R17 Scale_50K
R22, :=R22-Scale_50K

R2’.’i =R27-Scale_S0K

R4 :=R4-Scale_50K

Rl3i :=R13-Scale_50K
Rl$i :=R18-Scale_50K

R23, :=R23 -Scale_S50K
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Enciosure (1) ' 12/22/98
TN R smiff S5, R L S10.RIL iffe S15, R2.if(e 2.0, RA..if{t.$2.5. RA. if{t $3.0,RS..if/L.$3.5. R6..if . S4.0. RY..if{c. 4 ;
R, :f(ti 5,R,,i (‘i_ O,R1,i (ti 5,R2,,if(4,$2.0,R3,,i (ti R4 (ti O,R5,.i (‘3 5,R6,,i (i O,R7,.i (li 5,R8,,if

A, =if(t,S.5,R1,if(t, S1.0,R2,,if(1,S1.5,R3,, if(1, S2.0,R4,,if(£,<2.5,RS,,if(1, S3.0,R6,if(t 3.5, R7,,if(t, S4.0,R8,,if(1, 4.5, R, i

Pl1:=N1-Pl P44:=N4P4 P22:=N2-P2 P33:=N3-P3 P35:=N5-P5 P66 :=NeP6

-

Y eq. A- calculate O2 % by vol.
“Q=il  during the spill period. Note spill rate

‘\l—e averaged within time increments.

eqs. displays 02 % by vol.

Cri "= if(crizo’cri’ 0) and constrain to >0%

1.

Qb

- v eq. B- calcuiate 02 % by vol.

5,122~ (21~ Cry ) ¢ after the spill period. Note Cr14 is the
beginning of the non-spilt pericd

Cr, :=if(ti27.5,cei.m'i) aq. defines the use of eq A or B

02, =Cr. 10 PP 02
1 i lm
—
[ B
G=10' 1
=i et T o a7 .
E: 1f(Gizl o1 "f(Gi‘l 10 'O‘O'If(Gi;'l 107G, 1)) ) Eq. at left caiculates fatality factor
and sets limits betwean 0 and 1.
¢, =PILF, 4 P22F,  P33F, + P44F,  PSSF, + POGF, Nested "if* statement.
P, i=(P114 P22 + P33 4- P44 4 P55+ P66)-1 ODH fatality Rat.
P,:=P.110° E :=F.1-10'
ODH, :=if(¢i51-10”,o,if(¢i51-10", 1.,if(¢iSl -10“3,2,if(¢i51-10",3,4))))
_ The 8q. above caiculates the ODH class. Nested "if* statement. 612611 o
iR
.’(—N\

1¢'clock 50K ODH.med Page 2




Enclosure {1)
N
Spill Fatality
Rate T 02 PP Factor
(6CFM) {(min) (%) (mmHg} Fi(10E-7)
.Ri t, Cr,  PO2, F,
124251 |0 21| |159.6
12425 lo.s | 20.6] [1569
g5792) {1 | [205] 1562
4733.3] 1.5 | [20.7] (1571
1775 | {2 | [208] [358.1
11833 [2.5] {208 {1583
76921 {3 | [209] |1589
1972 (3519 [21 159.2
197.2| {4 | [209} {1502
197.2] 145 | [209] [150.1
197.2] |5 | {209] [159.
1972] [551] |208 159
19721 |6 | [209 159
1972] 1651 |209] 1158.9|
197.2] |7 21 159.2
0 75| {21 159.2
0 8 21 1592
0 85 | {2t 159.2
N ) 9 | 21l [1592
- 0 95 ] [21 159.2
0 10 21 159.2
0 105] [ 21 159.2
0 1| [ 21 159.2
0 1.5] |21 159.2
0 12] |2t 159.2
0 12.5] 121 159.2
0 13] {21 159.2
) 13.5) [ 21 159.2]
o | |14] [21] {1592
.”‘_‘\”—\
10'clock 50K ODH.mcd

Event
Rate

Pi (10E-6)
{perht.)

Pi
52919.15
52919.15

52919.15

52919.15

52019.15

52919.15

52919.15

32919.15

52919.15

5201915

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

152919.15

52919.15

52919.15

52919.15

32019.15

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

Page 3
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ObH

Fatality

Rate

phi (10E-7) ODH
{per hr.) Class

2

Cerereel=l

12/22/98




Enclosure (1) 12/22/98

Spilt rate {CFM) vs. y :
‘" Time (min.) 02 (%} vs. Time (min.)
1500 T T
T
10104 -
R - ws .
- 5000 — Cry

206 -

o L !
o 5 0I5 204 L t
4 o 5 10 15

ODHCLASS := if(ODHZ-:ODHl ,ODH,, if(ODHa <ODH,, ODH,, if(ODH ,<ODH,,ODH,, if(ODH5<ODH ,,ODH,, if(ODH6<0DH5
The equation above selects the highest ODH class.

For: AREACODE=100 .,the ODHCLASS=0

to'clock 50K ODH.mcd Page 4




./

~ Gas Spifl Rate (R} [ft3/min]

Enclosure (2)

RHIC 3 O’Clock Tunnel Oxygen Deficiency Hazard Classification
for 50K Operating Temperature

This mathcad program calculates the ODH class when the ventilation fans are drawing from the
confined volume at a rate greater than the spill rate, and upon completion of the spill. The

methodology followed is described in the RHIC ODH standard. This particular file calculates the ODH

classification for fan faflure {or shut down) and a 50K operating temperature.

ENTER AREA CODE
AREACODE =100

Area in Question=

ENTER DATA: R...,.V.Q,P1..

DATA

Code

N1
DATA

R = 126000

Confined Volume (V)  V:=300000 (CF)
Fan Vent Rate (Q) Q:=1 (CFM)

Note: failure rates below obtained from the ODH
standard. | the variety of equipment numbers lass

then 6, enter *0" for N.....

DATA

density_4K :=.144% density_SOK :=.142-1¢"" 20

7 Scale_S0K 1= 2E0I050K

density_4K

Equip. #1 failure rate (P1)
Quantty of Equip. #1 (N1)

Equip. #2 failure rate (P2}
Quantity of Equip. #2 (N2)
Equip. #3 failure rate (P3}
Quantity of Equip. #3 (N3}
Equip. #4 failure rate (P4)
Quantity of Equip. #4 {N4)
Equip. #5 failure rate (P5)
Quantity of Equip. #5 (N5)

Equip. #86 failure rate (PE)
Quantity of Equip. #6 (N6)

R1 :=87000
R2 = 48000
R3 = 18000
R4 := 12000
RS :=7800
R6 :=2000
R7 :=2000
R 1=2000
R9 :=2000
R10 :=2000
R11 :=2000
R12 :=2000
R13 :=2000

Note: R - RS above are

Rl4 :=

RiSs =

Ri6 =

RI17 =

R18:=0
R19 =0
R20 =0
R2%1:=0
R22:=
R23:=0
R24 =0
R25 :=0
R26 =0
R27:=0

=

{SCFM He)
{SCFM He)
(SCFM He)
(SCFM He)
(SCFM He}
(SCFM He)
(SCFM He)
(SCFM He)
{SCFM He)
(SCFM He)
 (SCFM He)
(SCFM He)
(SCFM He}
(SCFM He)

(PeT B} ime (¢ in min.) dependant spil
(ea) rates as follows:
(per hr.) R: 0%t<35
(ea) Ri:  .5<t<1.0
{per hr.) .
(ea.) R2: 1.0<t%l1.5
(per br.) R3:  1.5<1%20
{ea)) Rd: 201525
{per hr.) A5:  25<1$30  ETGC.
{ea. }(FANS)

=0 1.28
{per ht.) i
{ea.) =

2

12/22/98

Ri =R -Scale_30K Rli :=R1 -Scale_SCK 1?;2i =R2-Scale_50K Rﬁi =R6-Scale 50K R7, := R7-8cale_50K RSi =R8-Scale S0K
Ri2 =R12 Scale_50K R3i :=R3-Scale_50K

1

R10, :=R10-5cale_50K R11 ;

R16, :=R16-Scale_SOK R17,
/7 R21,:=R21 Scale S0K R22,
R26, i=R26Scale_SOK R27,

3o'clock 50K ODH.mcd

=R11-Scale 50K
=R17-8cale_30K
i=R22-Scale_50K
:=R27-Scale_50K

R4 :=
RI3,
RIS,
t
R23,
T

R4-Scale_50K

:=R13-Scale_S0K
i=R18-Scale_50K
:=R23-Scale_50K

Page 1

F.’.Si :=R5-Scale_50K RQi =R%-Scale_30K
R l4i ‘=R14-5cale_50K R15, *=R15-Scale_50K
R19, :=R19 Scale_50K R20i 1=R20-Scale_50K

i

R24 := R24 Scale_S0K RZSi :=R25-Scale_50K




Enclosure (2) | 12/22/98

TN R (4S5, R, (1, S10,R1 {8, S1.5,R2, if{, S2.0,R3, if{(,S2.5,R4,.if(1,S3.0,RS, if(1,€3.5,R6, f(1,S4.0, R, if{1,S4.5.R8, if

A, =if(, S5 R1if(1 €1.0,R2, if(t S1.5, R3, if{(S2.0, R4, if{1,52.5. RS, if(t,$3.0,R6,,if(1, $3.5,R7,,if(t,S4.0,R8,,if(1,%4.5,R9, i

PH :=N1-Pl P44:=N4-P4 P22:=N2-P2 P33:=N3-P3 P55:=N5-P5 P66:=N6-P6

'Q“_:? during the spili peried. Note spill rate

t eq. A- calculate O2 % by vol.
. Ri + Ai
er =211~ =q I-e averaged within tima increments.

—t ogs. displays 02 % by vol.
Cr, i=if (o 20, cr,, 0) and constrain to >0%

-Qu
,_ v &q. B- calculate O2 % by vol.
ce, =21 = (21~ Cry Je after the spift period. Note Cri4 is the
beginning of the non-spilt pericd

Cr = if(tim‘s’c"r’i’ cri) e. defines theuse ofeqAorB

SN
PO2. :=Cr. 0 PP 02 .
1 i 100
=
G =10' !
s . 7 nn s ey
K ""f(Gizl’l"f(GiSl'w_ ’0'0"f(Gi>1 107.G,, 1))) Eq. at left calculates fatality factor
and sets limits between D and 1.
’i =P11 'Fi + P22'Fi + P33'Fi + P44‘Fi + PSS‘Fi + M'Fi Nested "if* statement.
Pi 1={P11 4 P22 + P33 + P44 + P55 +- P66) -1 ODH fatality Rate.
P, :=P,1-10° . F,i=F, 1107
ODH, := if(q,iSl -10"",0,if(¢ S1107°1 ,if(q:iSl -10_‘3,2,if(¢is: -1'0",3,4))))
The eq. above caiculates the ODH class. Nested *if* statement. 012611 o
i
st

3o'clock 50K ODH.mcd Page 2




Enclosure (2)

Spil
Rate T 02 PP
(SCFM) (min) (%) (mmHg)
R, L Cr, POz,
12425| {0 21| [159.6
12425 | [051 [206] [156.8
85792 |1 | [205] [156.1
47333) 15| [207] 157
17751 12 | {2081 [158
11833} {25 | {208 [1583
76921 {3 | [209] [1588
1972| 351 [21| [ise.2
1972| [4 | [209] [i592
19721 {45} [209] {1591
19721 Is | [208] 1591
19721 [55| ool {159
wiz| {6 | 209] {159
1972| l6.5 | [209] [1580
1972] |7 21| [159.2
0 751 [21]| [159.2
0 g 21| 1592
0 851 [21] [1592
N 0 9 | [21] [i592
' _ 0 95 | |21 159.2
0 10| {21] 1592
0 105] {21 J1592
0 11] {211 1592
0 s {211 {1592
0 12| {21] [1592
0 125 {211 {1592
0 13| [21]| {1592
0 135 [21| [1592
0 14| [21] [1592
Y
30'clock 50K ODH.med

Fatality
Faclor
Fi {10E-7)

ODH
Event Fatality
Rate Rate

Pi(10E-6) phi(10E-7) ODH

{per hr.) (per ht.)
P.

1]

152919.15

5201915

5291915

52919.15
52919.15]

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

52919.13

52919.15

52919.15

J52919.15

52519.15

52919.15]

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

5291915

52919.15

52919.15

52919.15{

52919.15

Page 3
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Enclosure (2) 12/22/98

Spiil rate (CFM) vs. .
Time {min.) 02 (%} vs. Time (mm.)
1500 ' l
T
pigt ..
R; 203 -
1
- 5000 - C"i
20.6 -
o 1 1 .
0 5 10 15 204 | y
L 0 5 10 15

ODHCLASS :=if (0DH2< ODHl . ODHl L] (ODHJ<0DH_1 . ODHZ. if (ODH < C!DH:1 ) ODHT if (ODHS <ODH " ODH, . if (ODH < ODHS
The equation above selects the highest ODH class. -

For: AREACODE=100 ,he ODHCLASS=0 : ' A

Page 3
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7N Scale 50K 1=

Endlosure (3)

RHIC 5 O’Clock Tunnel Oxygen Deficiency Hazard Classification

for 50K Operating Temperature

This mathcad program calcutates the ODH class when the ventilation fans are drawing from the
confined volume at a rate greater than the spill rate, and upon completion of the spill. The

methodotogy followed is described in the RHIC ODH standard. This particular file calculates the ODH

classification for fan faiture (or shut down) and a 50K operating temperature.

ENTER AREA CODE
AREACODE =100
ENTER DATA : R....V.Q.P1.,

Area in Question=

Gas Spill Rate (R) [ft3/min}

DATA

Confined Volume {V)

Fan Vent Rate (Q) Q=1

V:=390000 (CF)
(CFM)

Note: failure rates below obtained from the ODH
standard. if the variety of equipment numbers less

then 8, enter “0" for N.....

DATA

density_4K =.144- B2 density_S0K :=.142-10"' B
mL mL

density_S0K
density_4K

Equip. #7 failure rate (P1)
Quantity of Equip. #1 (N1)

Equip. #2 failure rate (P2)
Quantity of Equip. #2 {N2)
Equip. #3 failure rate {P3}
Quantity of Equip. #3 (N3)
Equip. #4 failure rate (P4)
Quantity of Equip. #4 (N4)
Equip. #5 failure rate (P5)
Quantity of Equip. #5 (N5}
Equip. #6 faliure rate (P6)
Quantity of Equip. #6 (N6)

P1:=3.10°%

N1 :=888
P2:=1.10"°
N2 :=180
P3:=3.16°%
N3 =00

P4 :=5-1€i'8
N4 =3
P5:=2.5.107
N5:=3

P6 :=5-10"2
N6 =1

Code
SN
DATA
R:=126000 Ri4:=0 (SCFM He)
R1 =87000 R15:=0 (SCFM He)
R2:=48000 R16:=0 (SCFM He)
R3 :=18000 R17:=0 (SCFM He)
R4:=12000 RIS :=0 (SCFM He)
‘RS :=7800 R19:=0 (SCFM He}
R6 :=2000 R20:=0 {SCFM He)
R7 = 2000 R21 =0 {SCFM He)
R8:=2000 R22:=0 {SCFM He)
RY := 2000 R23:=0 - (SCFM He)
R :=2000 R24:=0 {(SCFM He)
RI1:=2000 R25:=0 (SCFM He)
RI12:=2000 R26:=0 (SCFM He)
RI3:=2000 R27:=0 (SCFM He)
or I Note: R - R5 above are _

{Per ) ime (tin min.) dependant split

(ea) rates as follows:

(per hr.} AR: 0sts5

(ea.) R1:  5<t$1.0

gg:’}hr') ' R2:  1.0<t$15

(per hr.) R3:  15<520

{ea.) R4:  2.0<1525

{perthr) RS: 25<t$30 ETC.

(ea.)(FANS) -

porry (70128

(9a.) t :=E

12/22/98

R, =R-Scale_50K Rl =R1-Scale 50K R2 = R2-Scale_S0K Rﬁi =R§-Scale_S0K R7 :=R7-Scale 50K RS, :=R8-Scale_50K
Ri2,:=R12.Scale 50K R3,:= R3-Scale_S0K

RIO, ;=R10-Scale_SOK RI1,
R16,:=R16Scale 50K RI17,
/. R21, =R21 Scale_S0K

So'clock 50K ODH.med

:=R11-Scale_SOK
:=R17-Scale_S0K
R22, :=R22-Scale_S0K
R26, :=R26 Scale_SOK R27, :=R27 Scale_50K

R4, :=Ré-Scale_50K

R13,
1

R18.

R23.
1

:=R13-Scale_50K
:=R18-Scale_50K
=R23 .Scale_S50K

Page 1

R.Si :=R5-Scale_50K R9i = R9-Scale 50K
Ri4, := R14-Scale_50K RlSi :=R15-Scale 50K
R 1‘5’i 1=R19-Scale_S50K R20i ;=R20-Scale_50K

R24i 1=R24 Scale_S0K R25i

1=R25-Scale_50K




Enclosure (3) . 12/99/98

R :=if(t..5, R, (1, S1.0,RL if (1,S1.5,R2,, if(t,S2.0,R3,if(t,S2.5, R4, (£, <3.0, RS, if(1, 3.5, RS, if(1,$4.0,R7,,if{t, <45, R8,,if

A =HE( S5, R if(1S1.0,R, if(1,SLS, R3, {1, 2.0, R4i,if(tiSZ.S,RSi,if(ti$3.0,Rﬁi,if(tiS.'i.S,R‘?i,if(tiﬂ.ﬂ.ksi,if(ti.ﬁ.s,R9i,i

Pl1:=N1-P1 P44:=N4.P4 P22:=N2P2 P33:=N3.P3 P55:=N5P5 P66:=N6P&

Ri-l- A

4 eq. A- calculate 02 % by vol..
-Q05||  during the spill period. Note spilf rate
l-e averaged within time fncrements. -

o =211~

—iel aqs. displays 02 % by vol.
Cs, =if(e20,e5,0) g constrain to >0%

I.
Qo
— v 6q. B- calculate O2 % by vol.
ce, =21~ (21~ Cr ) ¢ aftor the spill period. Note Cr14 is the
beginning of the non-spill period

Cr, =if{427.5,c2,¢1) g defines the use of aq A or B

~
PO2, 1= Cr 10 PP 02 R = .
1 1 ‘00 .
o)
[ T .
G =100
— . T an a7
F,=if{G21,1,i6(G£1107.00,1(6>1107.G, 1)) Eq. at left calculates fatality factor
and sets limits botween Cand 1.
8, i=PI1F,+ P22F,+ P33F, + PM.F + PSS, + PG, Negted "if statamont,
Pi=(PIL4PR+PII+PALPSSEPOONT  onuci oo
P, :=P,1-10° F.:=Fq1-107 |
ODH, :=if(p, 5110”70, if(p <1107, t,if(# 51107, 2,it(e,s1-10°1,3,4)))
The eq. above calculates the ODH class. Nested "if” statement. ¢ =@ 1107
it
-

So'clock 50K ODH.med Page 2




Event
Rate

Pi {10E-6}
{per hr.)

- P

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

5291915

52919.15

52919.15

52919.15]

52919.15

52919.15

52819.15

52919.15

52919.15

52919.15

Enclosure (3)
S
Spill
Rate T o2
(SCFM)  {min) (%}
R; L S,
12425} {0 21
12425} 1051 [207
85792 |1 20.6
47333 [1.5) (207
1775 ] {2 ] [208
1183.3] {251 [209
76921 {3 | [209
19721 3si |21
19721 {4 21
1972 fas5] [ 2t
1972} {5 -1 [209
19721 |55} [209
1972] (6 | [209
1972 {651 [209
1972 {7 21
o | [75) 2
0 8 21
0 gs | {21
N 0 9 21
o 0 951 |21
o 0 10 21
0. 105] {21
0 11] {21
0 iLs| {21
0 TIRES
0 125] {21
0 13| {21
0 13.5| |2t
0 4] |2t
N

50'clock 50K ODH.med

Page 3

52919.15|

52919.15|

12/22/98

ODH

Fatality

Rate

phi (10E-7) ODH
{per hr.) Class

1<) =1 =1 =)

IFHEEREEREEREEEREE




Enclosure (3) 12/22/98

Spill rate (CFM) vs. _
Time (min.) 02 (%) vs. Time (min.)
1.5010* r ¢
1410 -
R;
— son0 - |
o i 1
0 5 10 15

ODHCLASS = if(ODHZ-:ODHI .ODH, ,if(ODHfODHz, ODH,, if(ODH ,<ODH,,ODH,,, if(ODHS <ODH,, ODH,, if(ODH6<ODHs
The equation above selects the highest ODH class.

For: AREACODE=100 .the ODHCLASS=0 : A T

Page 3
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Enclosure {4) 12/22/98

_—._ RHIC 7 O’Clock Tunnel Oxygen Deficiency Hazard Classification
S for 50K Operating Temperature

This mathcad program calculates the ODH class when the ventilation fans are drawing from the
confined volume at a rate greater than the spill rate, and upon compietion of the spill. The
methodology fotiowed is described in the RHIC ODH standard. This particular file calculates the ODH
classification for fan faliure (or shut down) and a 50K operating temperature.

ENTER AREA CODE

Area in Question= AREACODE ;= 160 Code
ENTER DATA: R...,.V,Q,P1...N1...
| DATA DATA
Gas Spill Rate (R) [ft3/min] R:=126000 R14:=0 (SCFM He)
R1:=87000 R15:=0 (SCFM He)
Confined Volume (V)  V:=400000 (CF) R2:=48000 R16:= (SCFM He)
. R3:=18000 RI7:= (SCFM He)
Fan Vent Rats (Q) Q:=1 (CFM) R4:=12000 RI8:= (SCFM He)
Note: failure rates below obtained from the ODH R5:=7800  RI9:= (SCFM He)
standard. H the variety of equipment numbers less R& :=2000 R20:=0 . {SCFM He)
then 6, enter "0" for N..... DATA R7:=2000  R2l:= (SCFM He)
R8 :=2000 R22:= {SCFM He)
. s @M . o iyl gM R9:IZ2000  R23:= (SCFM He)
density_4K .-.14—4~E density_50K '=.142-10° == RI0:=2000 R24:=0 (SCFM He)
© Ri1:=2000 R25:= (SCFM He)
T seale SoK 1= demsity_SOK Ri2:=2000 R26:=0 {SCFM He} -

= T density 4K RI3:=2000 R27:= {SCFM He)

: ; Note: R - R5 above are
Equip. #1 failure rate (P1) P1:=310°  (perhr) tima (tin min.) dependant spill

Quantity of Equip. #1 (N1) N1 :=888 (ea.) rates as follows:
Equip. #2 failure rate (P2) P2:=1-10°%  (perhr) R 0%t<5

Quantity of Equip. #2 (N2) N2 :=180 (ea) Ri:  S<t<1.0

Equip. #3 failure rate (P3) P3:=310°  (perhr) ) '

Quantity of Equip. #3 (N3} N3 =00 (ea) R2:  10<tSL5

Equip. #4 fallure rate (P4) -~ P4:=5.10°  (perhr.) A3 1520

Quantity of Equip. #4 (N4) N4 =3 {ea.} R4: 20<t£25

Equip. #5 failure rate (P5) P5 122510 (per hr.) AS:  25<t<30  ETC.
Quantity of Equip. #5 (N§) N5 :=3 (ea.)(FANS)

Equip. #6 failure rate (P6) P6:=5.10>  (perhr.) ‘ =0': - 28

Quantity of Equip. #6 (N6) N6 := 1 {ea.) i

R = R-Scale_50K R1, :=R1-Scale_50K RZi 1=R2-Scale_50K R6i =Ré6-Scale_50K R?i 1=R7-Scale_50K R8i =R8-Scale 50K
R 12l :=R12-Scale_50K R3i i=R3-Scale_30K R4, = R4-Scale_50K Rji 1=R5-Scale_50K R9i i=R%-Scale_50K
R10. :=R10-Scale_50K Rili =RI11-Scale 50K RI3, = R13-Scale_S50K RMi =R14-Scale_50K R15, i=R15 Scale_50K

1
Rlﬁi =R16:Scale_50K RI17, :=R17-Scale_S0K _RlSi =RI18-5cale_50K RI9,:= R19-Scale_50K RZ(]i :=R20-Scale_S50K

i R21i 1=R21-5cale 50K R22. :=R22 -Sﬁa]e_SOK R23i =R23-Scale 50K R24,:= R24-Scaile_S0K RZSi :=R25 -Scale_30K

I}

R26, :=R26-Scale 50K R27. :=R27-Scale_30K

7o'clock 50K ODH.med Page 1




Enclosure (4) ' 12/22/98
T Rt S5, R S1.0,R1f( S1.5,R2, if{,$2.0,R3,,if{1 €25, R4, if{1,£30, RS,,if{t,<3.5,R6,, if{1,$4.0, R7,,if(,<4.5,R8,if

PILi=N1-Pl P44:=N4P4 P22:=N2-F2 P33:=N3-F3 P55 :=N5-P5 P66:=N6-P6

\1  eq. A- calculate 02 % by vol.
-Q3711  during the spill period. Note spil rate
1-e averaged within time increments.

Ri-l-A.

1

cr, =214k -

» eqs. displays 02 % by vol.
Cr, =if{er, 20, cr,,0) and constrain to >0%

-g.L
. v eq. B- calculate 02 % by vol.
ce,i=21= (21-Cr e after the spil period. Note Cri4 is the
beginning of the non-spill period

Cr,=if(27.5,08,¢%)  oq defines the use of eq A Or B

N
P02, :=Cr. 0 PP O2
] 1 lm
PO2.
o)
G, =10 10
— . o7 B '
K '_'f(Gizl’l"f(GiSI 10 ":)'(}"I(Gi>1 100 ’Gi'l))) Eq. at left calculates fatality factor
and sets limits between .
¢, :=P1LF,+ P22, + PI3F,+ PA4F, + PSSF, + PG, Nosted ,jmita bofwoen 0 and 1
P, :=(P114 P22+ P33+ P44+ PS5 + P66) 1 P
P,:=P,1.10° F,i=F110’
ODH, := if(¢iSl -IU?,O,if(QiSI 1075, l,if(oiSI .10'3,2,if(¢i51 0 ‘,3.4))))
The eq. above calculates the ODH class. Nested "if* statemnent. 8. 1= -1 10";
Tt Tl
N

To'clock 50K ObH.mcd Page'z

A :'-_-if(;is_s,Rli,if(tiSI_D,Rzi,if(tiSl.S.R3i,if(tiSZ(}.Réli,if(tiSZ.S,RSi,if(L.S."'a.O.R6i,if(ti53.5,R7i,if(ti$4.0,R8i,if(tiS4.S,R9i,i'




Enclosure {4)
Spill .
Rate T o2 PP
(SCFM) (min) (%) (mmHg)
Ri t . Cl'i P()2i .
12425 0 21 159.6
12425 0.5 2007 [157.5
8579.2 I 20.7 156.9
4733.3] 1.5 20.7 157.7
1775 | 12 | [20.81 ]158.4
1183.3] 125 ] [209 158.6
769.2 3 20.9 159
197.21 135 21 159.3
197.2 4 21 159.3
19121 |45 21 159.2
197.2 5 209 159.2
197.2 155 209 159.2,
197.2 6 20.9 i59.1
19721 165 20.9 i59.1
1972] [7 ] [21] [199.3]
0 7.5 21 159.3
0 8 21 159.3
0 85| [21] {193
0 9 21 159.3
0 5.5 21 159.3
0 10 21 159.3
¢ 10.5 21 159.3
0 115 121 159.3
0 11.5F 121 159.3
0 12 21 156.3
0 12.5 21 159.3
G 13 21 159.3
0 13.5 21 159.3
0 14 21 159.3
7o'clock 50K ODH.med
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Pi (10E-8)
{per hr.)

i

52919.15

52919.15

52919.15

5291915

52919.15

52919.15

52919.15

52919.15

52919.15
52919.15
52919.15

52919.15
52919.15

52919.15.

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

32919.15

52919.15

52919.15

52919.15

52919.15

52019.15

52919.15

52919.15

52919.15

Page 3

ODH

Fatality

Hate

phi (10E-7} ODH
(perhr)  Class

12/22/58




Enciosure {(4) 12/22/98

Spill rate (CFM) vs.
Time {min.) 02 (%) vs. Time (min.)
1 .5’104 T T
2l T T
o0t -
R, _ |
[ 5000 - _ C'i 208 . s
0 ! :
0 5 10 15 206 ) I
b 0 5 10 15

QDHCLASS =if (ODH2<0DH1 . O[".DH1 . if(ODH3<ODH2, ODHZ, if (ODH 4*:0[_)1-13 . ODH3, if_(ODHS <ODH " ODH " if| (0DH5<ODH5
The equation above selects the highest ODH class.

For: AREACODE=100 .he ODHCLASS=0

Page 3
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7 Scale_SO0K =

PN 1'121i 1=R21 -Scale_50K R22i :=R22-Scale_ 50K R23.

Enclosure (5)

RHIC 9 O'Clock Tunnel Oxygen Deficiency Hazard Classification
for 50K Operating Temperature

‘This mathcad program calculates the ODH class when the ventilation fans are drawing from the
confined volums at a rate grealar than the spill rate, and upon completion of the spill. The

mathodology fotlowed is described in the RHIC ODH standard. This particular file calculates the ODH

dlassification for fan faifure (or shut down) and a 50K operating femperature.

ENTER AREA CODE

Area in Question= AREACODE = 100

Code

ENTER DATA :R...V.Q,P1...N1....

DATA

Gas Spill Rate (R) [f&/min]

Confined Volume (V) V:=320000 (CF) |
Fan Vent Rate (Q) Q:=1 (CFM)

Note: fallure rates below obtained from the ODH
standard. If the variety of equipment numbers less
then 6, enter "0" for N..... DATA

density_4K :=.144- B2 density_50K :=.142-107" B2
mL mL

density_SOK
density_4K

Equip. #1 failure rate (P1) PL:=3-10° (perht)

Quarntity of Equip. #1 (N1}  Ni:=888  (ea)

DATA

R 1= 126000
R1 :=87000
R2 :=48000
R3 :=18060
R4 :=12000
R5:=7800

- R6:=2000

R7 :1=2000
RS :=2000
RY :=2000
R10 :=2000
R11 :=2000
. R12 :=2000
R13 :=2000

R14 =0
R15:=
Rl6:=
Ri?:=
R18:=0
R19:=
R20:=
R21 ;=
R22 :=
R23:=
R24 :=0
R25 =
R26:=
R27:=0

Note: R - A5 above ara
time {t in min.} dependant spill

rates as follows:

0Sts.5
S<ts1.0
1.0<ts1.5
1.5<t82.0
20<1825
2.5<t%3.0

.28

Equip. #2 failure rate (P2) P2:=1-10%  (perhr) R:
Quantity of Equip. #2 (N2) N2 :=18C (ea.) - 1
Equip. #3 faiture rate {P3) P3:=3.10%  ({perhr) R
Quantity of Equip. #3 (N3} N3 :=00 {ea.)

Equip. #4 failure rate (P4) P4 =516 {per hr.) R3:
Quantity of Equip. #4 (N4) N4 =3 (ea.) R4
Equip. #5 failure rate (P5) PS:=2510° (perhr.) RS:
CQuiantity of Equip. #5 (N5} N5:=3 {ea.)(FANS)

Equip. 46 failure rate (P8)  P6:=5.162  (perhr.) i:=0,1
Quantity of Equip. #6 (N6) N6 :=1 (eq) t :=%

(SCFM He)
(SCFM He)
(SCFM He)
(SGFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SGFM He)

ETC.

12/22/98

Ri =R-Scale_50K R1, =Rl -Scale_50K RZi :=R2-8cale_50K RlSi :=R6-Scale_50K R7i :=R7-8cale 50K R8, :=R8-Scale_50K
RlZi 1=R12-Scaie_50K R3,i=R3 -Scale_50K R4i :=R4-Scale,_S0K

th'!i =R1G-Scale_S0K RI 1.:=R1 -Scale_S0K  RI13,

R16, :=R16-Scale 50K R17, :=R17-Scale 50K RI8,

11215i i=R26 Scale_50K RZ'}'i 1=R27-8cale_50K

fo'clock 50K ODH.med

1=R13-Scale_50K
=R18-Scale_50K
:=R23-Scale_50K

Page 1

RS, :=R5Scale 50K  R9, :=R9-Scale_50K

R14, :=R14-Scale_S0K R15, :=R15-Scale_50K
RI9, :=R19-Scale_S0K R20, :=R20-Scafe_S0K
R24, :=R24-Scale_50K R25, :=R25-Scale_S0K




Enclosure (5) 12/22/98

PN — . . eofy . . . . . .,
R mif(4, S5, R if(6 SLO,R1iF(1,S1.5,R2,,if(t,S2.0,R3,.if (1,525, R4, i1, 3.0, RS, i ((,53.5, R6,, if{(; S4.0, RT, if(1,54.5,R8, i

A =if(t S5, Rli,if(tiSl.O,Rzi, if(e,<1.5,R3,,if{t, €2.0, R4, if{1,S2.5, RS, if(1, S3.0, R6,if(t, <3.5,R7, if(1, S4.0,R8, if(L.<4.5,R9, i

PI11:=N1-P1 P44:=N4P4 P22:=N2-P2 P33:=N3P3 P55:=N35P5 P66:=N6-P6

- during the spil period. Note spill rate

( Qti) eq. A- calculate O2 % by voi.
v
1-¢ averaged within time increments.

ke
cr,i=21 1 = —es
2Q

- 0qs. displays 02 % by vol.
G ""f(“izo’“i’o) and constrain fo >0%

k.
—-Qer
- v &q. B- calculate O2 % by vol.
ce; =21 - (21 - C’u) i after the spill period. Note Cri4is the
beginning of the non-spill period

Cr.:= if(t.Z?.S,cei, cri)

eq. defines the use of eq A or B

V) 60 .
PO2, :=Cr, 0 PP 02
1 3 lm
(6_1-_‘)
G,:=10
N, . T . et '
F,=if{G21,1,i(G;51167,00,i5(G,>1107,G,,1))) Eq. at loft calculates fatsiity factor
and sots iimits between 0 and 1.
$, i=PI1F,+ P22F, + P33-F + PMF, + PSSF, + P66 F, Nestad "if* statement.
P, '=(P11 4 P22 + P33 4 P44 + P55+ PG6) -1 ODH fatality Rate.
P, :=P1:10° F, :=F,1-10’
ODH, :=if(¢i$l -10"",0,if(¢i51-1o'5, 1,ir(¢i51 -10'3,2,if(¢i51 -10",3,4))))
The eq. above calculates the ODH class. Nested "if" statement. ¢.:=0 1.1 o7
i
o

9o'clock 50K ODH.med Page 2




Event
Rate

Pt (10E-6)
{per hr.)

P

52919.15

52919.15

52919.15

52919.15

152919.15

52019.13
52919.15

5291915

52019.15

52919.15

52919.15

52919.15

152518.15

52919.15

52019.15

52919.15

52919.15

52919.15

52919.15

5291915

32919.15

52919.15

32919.15

52919.15

52919.15

32919.15

32919.13

52919.15

Enclosure (5)
Spilt
Rate T 02
(SCFM)  (min} (%)
R, t Cr, |
12425} {0 21
124251 (0.5 | J20.7
8579.2] |1 j {206
4733.31 (15 | [20.7
17715 ] [2 | (208
1183.3] [2.5] [208
769.2] [3 | [209
1972 Bs| [21]
19724 t4 | [209
1972} 145 {209
197.2] [5 § {209
197.2] [5.51 {209
197.2] |6 | 209
1972 6.5 | [209
197.21 17 21
0 7.5 | |21
0 8 21
0 85 ) |21
0 9 21
0 95§ |21
[) 10 { j21
0 10.5f {21
0 TIRER
0 11.5] {21
0 12} 21
0 12.5] |21
0 13{ {21
0 135] {21
0 4| {21
S¢’clock S0K ODH.med

Page 3

52919.15]

ODH

phi (10E-7}  ODH
(per hr.) Class

¢ ODH,

12/22/98




Endosure (5) ' 12/22/98

Spill rate (CFM) vs. .
Time (min.) 02 (%} vs. Time {min.)
150104 I I
T
to16% -
Ri 208 -
T s - ©y
206 -
o L ]
0 5 10 15 204 ! i
4 0 5 10 15

ODHCLASS = if(ODHz\c OI)Hl , ODHl . if(ODH3 <0DH2, ODHZ, if| (ODH ‘<0DHJ, ODH3, if(ODHs«cODH " ODH " if(ODH < ODH 5
The equation above selects the highest ODH class. '

Forr ARFEACODE=100 ,he ODHCLASS=0 _ .

Page 3
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E nclosure (6)

 RHIC 11 O’Clock Tunnel Oxygen Deficiency Hazard Classification

for 50K Operating Temperature

This mathcad program calculates lhe ODH class when the ventilation fans are drawing from Ihe
confinad volume at a rate greater than the spifl rate, and upon completion of the spill. The

methodology foliowed is described in the RHIC ODH standard. This pasticular file calculates the ODH

classiﬁcatlon for fan failure (or shut down) and a 50K operating temperature.

Area in Question=

Gas Spill Rate (R) [f3/min]

Gonfined Volume (V)
Fan Vent Rate [Q)

ENTER AREA CODE

AREACODE =100
ENTER DATA : R..,V,.Q,P1...

DATA

V:=300000 (CF}
Q:=1

(CFM)

Note: failure rates below obtained from the ODH
standard. If the variety of equipment numbers less

then 6, enter "0" for N.....

density_4K =.144. 522 :;’“ density_50K =

Scale_50K =
density_4K

Equip. #1 failure rate {P1})
Quantity of Equip. #1 (N1)

Equip. #2 fallure rate (P2)
Qluantity of Equip. #2 (N2)
Equip. #3 failure rate {P3)
Quantity of Equip. #3 (N3)
Equip. #4 failure rate (P4)
Quantity of Equip. #4 {N4)
Equip. #5 failure rate (P5)
Quantity of Equip. #5 (N5}
Equip. #6 failure mate (P6)
Quantity of Equip. #6 (NB)

density_S0K

DATA

Pt :=3.10°°
N1 :=888
P2:=1.10"%
N2 :=180
P3:=3-10°°
N3 :=00

P4 :=5-10"
N4 :=3

PS5 52,5107
N5 =3

P6 :=5.107>
Né6 =1

1421071 20
ml.

Code

Ni....

DATA

R =126000
R1:=87000
R2:=

R3 := 18000
R4 = 12000
RS :=7800
R& :=2000
R7 :=2000
RB :=2000
R9 :=2000
R10 :=2000
R :=2000
R12 :=2000
R13 :=2000

R14:=0
R15:=0
R16:=0
R17:=
RI18 :=
R19 :=
R20 :=
R2t =
R22 .=
R23 =
R2M =
R25 :=
R26 =
R27 =

Note: R - A5 above are -

(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)
(SCFM He)

(per hr.) time {t in min.) dependant spill
(ea.) rates as follows:

{per hr.} R: 0sts.s

(ea.) R1: - 5<151.0

{per hr)) !

(6a.) R2: 1.0<i%1.5

(per hr.) A3 1.5<t%52.0

{ea.) R4:  20<t82.5

{per hr.) R5: 25<ts30 ETC,
(ea. {FANS)

(per hr.) i =0,il.. 28

ea. t =

(ea.) =

12/22/98

R = R-Scale_350K Rli =R1-Scale_S0K RZ'..I 1=R2:Scale_50K Rﬁi '=R6-Scale_50K R?i =R7-Scale_S0K RSi '=R8-Scale_50K
Ri 2i =R12Scale 50K R3, :=R3:Scale_50K
R10, :=R1 0-Scale_S0K RI1 1,:=R1l -Scale_50K

R16, :=R16Scale_50K RI17,
_R21, :=R21 Scale_S0K R22,
R26, :=R26 Scale_SOK R27,

1 1o'clock 50K ODH.med

:=R17-Scafe_50K
‘=R22-Scale_50K
=R27-Scale_S0K

R4i i=R4-Scale_50K
R13,

]
Ri8,

R23,

1=R13-Scale_50K
:=R18-Scale_30K
:=R23 Scale_50K

Page 1

RSi :=R5-Scale_50K R9, :=R9-Scale_50K

1114i '=R14 Scale_50K R15i
RI9, '=R19Scate_350K 1120i
R24i =R24-Scale_50K R25i

‘=R15-Scale_S0K
'=R20-Scale_50K
:=R25-8cale_50K




Enclosure (6) ' 12/22/98

s R = if(:i-s.s R, ir(:is LO,R1, if(tiﬂ 15,R2, if(ti52.0, R3,, if(:iszj R4, if(li53.0, RS, if(ti53.5, R6, if(ti $4.0,R7,, it'(ti £4.5,R8,,if

A, =if(1,S5,R1, if(1,51.0,R2,,if(1,$1.5, R3, if(1,S2.0, R4, if(t, S2.5,R5, (3.0, R6,, if(1,$3.5, RT,.if{1, S4.0,R8,, if(1,54.5,R9, i

PH:=N1-Pl P44:=N4P4 P22:=N2-P2 P33:=N3-P3 P35:=N5-P5 P66:=N6-P6

Ik
-1 Guring the spill period. Note spil rate

| 8q. A- calculate O2 % by val.
cr =21 I-W' l-e averaged within tirme increments.

egs. displays O2 % by vol.

Cr, :=if (criZO, cr,, 0) and constrain to >0%

1.
. Q.1
— v eq. B- calculate 02 % by vol.
02,3521 - (21~ Cr ) e after the spill period. Note Cri4 is the
beginning of the non-spill period

Cr, :=if| (tiZ’I.S, ce,, cr.)

1

eq. defines the use ofeqAorB

N
PO2, = Cr, L2 PP O2 .
1 ] lm
3
G, =10 0
- L a6 an aan7
K ‘_‘f(GiZ] ? 1’“‘((}is1 107,00, ’f(Gi:' 11107, G;, 1) ) ) Eq. at left calculates fatality factor
and sefs limits between 0 and 1.

¢, :=P11.F 4 P22F + P33.F, + P4.F, + P55-F, + P6OF, Nested "if* statement.

P, 3=(PLI+ P22+ P33+ P44+ P55+ P66) 1 ODH fatality Rate.

P, :=P,-1.10° F.:=F,1-10'

ODH, :=if(¢i51-10'7,0,if(¢i$l-10'5,l,if(¢i$l—10'3,2,if(¢i$1 -10",3,4))))

The eq. above calculates the ODH class. Nested "it* statement. ¢ =6 1-1 o

: 1T

11o'clock 50K ODH.med Page 2




Enclosure (6)
Spilt
Rato T 02 PP
(SCFM)  (min) (%) (mmHg)
R, L Cr, PO2
12425{ |0 21 159.6
12425 los i |20.6] [156.8)
Iss79.2] {1 20.5] [156.1
4733.31 1.5 ] 1207 157
1775 | [2 | 1208] ] 158
1183.3] 25 208 {1583
769.2{ 13 209 f158.8
972 I35 [21 159.2
19721 {4 | 2090 (1592
1972] las] 2097 Ji159.1
1972] |5 209 1159.1
1972) 1551 [209 159
1972¢ |6 | [209 159
19721 l6.s ] [209] [158.9
197.2] |7 21 159.2
0 751 |21 159.2
0 8 21 159.2
0 85| |21 159.2
0 9 21 159.2
0 95| {21 159.2
0 10 21 1592
0 10.5] ] 21 159.2
0 iz 159.2,
0 1s] {21 159.2
0 121 21 159.2
0 12.5) |21 159.2
0 13{ |21 159.2
0 13.5] | 21 159.2
0 14] |2t 159.2
11o'clock 50K ODH.mcd

Event
Rate

Pi (10E-6)
(perhr.)

f

52919.15
52019.15

52019.15

152919.15

52919.15

52919.15

52919.15

52919.15

52019.15

3291915

52919.15

52919.15

52919.15

529i9.15

52919.15

52919.15

52919.15

52919.15

52919.15

52919.135

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

52919.15

Page 3

52919.15)

{por hr)

EEEEE I E R

12/22/98




Enclosure (6) : 12/22/08

Spill rate (CFM) vs. _—
Time (min.) 02 (%) vs. Time (min.)
tsmo® 1
T
1o10* ~
Ri 208 -1
- 5000 - - %
06 —
0 J .
0 s 10 15 204 1 I
4 0 5 10 15

ODHCLASS :=if{ODH, <ODH,, ODH, , if(ODH, <ODH,, ODH,, if ODH, <ODH,, ODH, . if( ODH,<ODH, , ODH, , if ODH, <ODH,
The aquation above selocts the highest ODH class. :

For: 'AREACODE=100 .he ODHCLASS=0
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